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Introduction
Governments in many countries enforce environmental regulations by imposing qualitative or quantitative limits on emissions or by requiring facilities to adopt specific abatement technologies. This "command-and-control" approach has been criticized as being somewhat heavy-handed, inflexible, and cost-ineffective. Economic incentives such as pollution taxes or emissions trading have distinct advantages over the command-and-control approach in terms of their cost-effectiveness. Because of opposition from manufacturing sectors and industry associations, however, their introduction has been politically fraught and difficult to achieve. In the face of limitations to government regulations and economic incentives, policymakers have attempted to encourage facilities to take voluntary action. The voluntary approach is recognized as being more flexible, effective, and less costly than the traditional approaches.
One voluntary action is for facilities to introduce an environmental management system (EMS). A. Hibiki acknowledges research support from Environmental Global Fund, Ministry of Environment, Japan. The data upon which this study is based was collected as part of the OECD's project, "Environmental Policy and FirmLevel Management." (www.oecd.org/env/cpe/firms). We appreciate comments from Takuya Takahashi, anonymous referees as well as seminar participants at the University of Illiois, the University of Minnesota, Resources for the Future, and Kobe University. 1 Coglianese and Nash [3] define an EMS as "a formal set of policies and procedures that define how an organization will manage its potential impacts on the natural environment and on the health and welfare of the people who depend on it." the same. European carmakers such as Daimler-Benz and Volvo demand that their suppliers demonstrate certifiable implementation of an EMS. The trend now goes beyond the automobile industry. For example, major high-tech and computer companies such as Hewlett-Packard and Motorola expect suppliers to have achieved ISO14001 registration.
In response to the rapid growth in the number of EMS-certified facilities, researchers have turned their attention to what determines the adoption of certified EMS and its effectiveness on environmental performance. For example, using data on Japanese manufacturing firms, Nakamura et al. [17] showed that the adoption of ISO14001 is influenced by firm size, the average age of firm employees, export ratio, and debt ratio. Darnall [6] provided evidence that an early uptake of ISO14001 is due to greater regulatory pressure. Examining German manufacturing facilities, Ziegler and Rennings [25] found that facilities implement certified EMS to enhance their corporate image.
Past studies are not necessarily in agreement on the effectiveness of certified EMS. 2 Potoski and Prakash [19] and Russo [20] provided evidence that ISO14001 helps U.S. firms reduce their environmental impacts. On the other hand, Ziegler and Rennings [25] found that EMS certification does not significantly affect environmental innovation and abatement behavior at German manufacturing facilities. Using U.K. data, Dahlström et al. [5] showed that neither ISO14001 nor EMAS has a positive effect on compliance with environmental regulations. 3 Besides EMS, publicly available environmental reporting is another important voluntary action. Reports inform investors and consumers about the facility's products and environmental performance and thus may motivate the facility to decrease its environmental impacts and/or develop innovative approaches to reducing emissions. Publication of reports has not been examined in past studies as thoroughly as EMS. One of the very few studies that dealt with 2 Besides implementing EMSs, facilities can also take voluntary action by participating in government-initiated voluntary programs. The effect of participation in a voluntary program is also inconclusive. Welch et al. [23] found that participants in the Energy's Climate Wise program did not significantly improve their environmental performance. Khanna and Damon [15] analyzed the 33/50 Program undertaken by the Environmental Protection Agency in the United States and found that participants in the program reduced emissions more than nonparticipants. 3 Andrews et al. [1] provided two possible scenarios where adopting EMS may remain ineffective. In the first scenario, a facility that is achieving high environmental performance implements EMS while retaining its preexisting management and without committing to any additional practice. Another scenario might be where a lowperforming facility implements EMS to satisfy customer demands or to improve its public image but without making any actual change in performance.
report publication is Anton et al. [19] , but they focused on the effect of comprehensive environmental practices, not on the effect of report publication per se. Comprehensiveness was measured as the number of environmental practices adopted by the facility, one of which was report publication. Therefore, the effect of reports was assumed to be equal to that of any other practice that a facility adopted.
This paper looks at the two major voluntary actions described above-implementation of a certified EMS, specifically ISO14001, and publication of environmental reports. Using Japanese facility-level data from a survey conducted by the Organisation for Economic Cooperation and Development (OECD), we estimate the effects of these voluntary actions on the following areas of environmental impact: 1) use of natural resources (i.e., fuel and water), 2) solid waste generation, and 3) wastewater effluent. 4 These three areas are unexplored in the literature, since past studies focused on single performance measures, like an index of the emissions' toxicity (e.g., Potoski and Prakash [19] ; Russo [20] ). The current study is also unique in that it deals with more than one voluntary action. In past studies, the effect of ISO14001 was examined in isolation from other voluntary actions. This could lead to overestimates of its effect.
In this study, we will show that overestimation indeed occurs; the effect of ISO14001 becomes larger when the other voluntary action (i.e., publication of reports) is not controlled for. We also examine whether the adoption of ISO14001 is influenced by assistance programs-a type of voluntary approach by local governments. The effectiveness of the governments' voluntary approach is further considered in relation to existing environmental regulations. In particular, we examine whether environmental regulations are detrimental to the effect of ISO14001, thereby addressing the relevance for governments to use both command-and-control and a voluntary approach. Thus, this study represents a new perspective.
The remainder of the paper is organized as follows. Section 2 provides an overview of ISO14001 and environmental reports. In Section 3 we propose an econometric model. Section 4 describes the data used in this study. Section 5 presents the estimation results. In Section 6 we conduct a simulation to demonstrate the effect of governments' assistance programs on environmental impacts. Section 7 concludes.
An Overview of ISO14001 and Environmental Reports
ISO14001 was developed and is maintained by a nongovernmental organization, the International Organization for Standardization (ISO). There is no legal obligation for a facility to acquire the certification. To be ISO14001 registered, the facility first agrees to reduce environmental impacts and maintain its commitment. Then it must demonstrate that its EMS meets requirements for five basic components: definition of the facility's environmental policy, project planning ("Plan"), implementation and operation ("Do"), checking ("Check"), and corrective action ("Act") and management review. 5 Once registered under ISO14001, the facility must follow this cycle of Plan-Do-Check-Act (PDCA) for the management to be effective. Besides registering under ISO14001, a facility may publish reports that describe its environmental policies, targets, and achievements, its current state of environmental management and environmental impacts, and its mitigation strategies. In Japan, the number of firms issuing environmental reports has increased by 200 percent over the past five years. A firm publishes reports to enhance communication with stakeholders-employees, shareholders, financial institutions, investors, consumers, environmental NGOs, governments, and local residents (the Ministry of the Environment of Japan [16]). 6 A facility that can announce improvements in environmental performance may improve its corporate image. This may in turn positively influence stakeholders' decisions: 7 consumers may purchase the facility's products, for example, and investors may choose to invest in it. The facility may then set new targets, which if attained may further benefit the enterprise. Because of this positive spiral, publication of reports is expected to reduce environmental impact over time. 5 About once a year, facility management needs to review the EMS for its completeness and effectiveness. 6 According to the Japanese Ministry of the Environment [16], other reasons for publication of an environmental report include "social responsibility," "proportional representation," and "environmental education for employees." 7 Hamilton [10] shows that revelations of severe pollution figures through the Toxic Release Inventory give shareholders a negative return.
Econometric Model
Our econometric framework is essentially a treatment effects model, as in Anton et al. [2] and Potoski and Prakash [19] . A facility's environmental performance depends on whether the facility receives a "treatment"-in our context, whether it takes voluntary action. The problem is that unobserved facility-specific factors such as managers' attitudes toward the environment are likely to be correlated with both environmental performance and the adoption of voluntary actions. Because this correlation, the facility's choice of adoption is potentially an endogenous variable, as is well recognized in the literature.
In addition to the endogeneity problem, we need to deal with several econometric issues.
First, our measures for facilities' environmental performance are not continuous but ordered categorical ones-namely, "significant decrease," "decrease," "no change," and "increase," as detailed in Section 4. This makes simple linear models inappropriate, and thus we cannot use such conventional methods as a two-stage least squares procedure or the Heckman two-step procedure. Second, unlike past studies that focused exclusively on one treatment (i.e., voluntary action), we need to deal with two treatments, namely, implementation of ISO14001 and publication of environmental reports. Since both voluntary actions are likely to depend on similar unobserved factors, they are expected to be correlated with each other. Third, we need to deal with multiple environmental impacts that are also likely to be correlated with each other.
Consequently, our estimation method substantially differs from those in past studies. In what follows, we detail our econometric model.
Let
be facility i's pollution propensity for type j environmental impact where j = 1, 2, and 3 representing natural resource use, solid waste generation, and wastewater effluent, respectively. is assumed to depend on a set of exogenous variables as well as the facility's voluntary actions (i.e., the adoption of ISO14001 and the publication of reports). Define two binary variables ISO i and ER i as follows: ISO i equals one if the facility adopts ISO14001 and zero otherwise; ER i equals one if the facility publishes reports and zero otherwise.
We assume that facility i's pollution propensity for type j impact is determined by
where w i is a vector of exogenous variables and ε ij is an idiosyncratic error. Hereafter, we call equation (1) This leads us to have two additional binary choice equations (hereafter called the "adoption equations"). Let and be the net benefits from the adoption of ISO14001 and from the publication of reports, respectively. and are determined by
where z i is a set of exogenous variables and (ε i4 , ε i5 ) are idiosyncratic errors. We assume that the facility will implement ISO14001 if its net benefit is greater than 0 and similarly for report publication. In other words, ISO i and ER i are related to and as follows:
equals one if ( ) and zero otherwise.
The estimation model consists of five equations: three performance equations and two adoption equations. ε i = (ε i1 , ε i2 , ε i3 , ε i4 , ε i5 )' is assumed to be normally distributed with zero mean and covariance matrix Σ. All the disturbance terms are allowed to be correlated arbitrarily. Since parameters in this model are not identified without further normalization, we set all diagonal terms of Σ to equal to 1s as in a multivariate probit model (e.g., Chib and Greenberg [4] ). Given this normalization, identification is achieved only through the functional form assumption.
Therefore, exclusion restrictions are further imposed: more than two variables in z i are excluded from w i . 3  4  5  1  2  3  4  5 , , , | , ( , , , , )
For the likelihood, let y
where f(·) is the probability density function of the multivariate normal with zero mean and covariance matrix Σ; for j = 1,2,3, 
This likelihood requires the evaluation of five-dimensional integrals over the latent errors for which no closed-form solution exists. To overcome this computational difficulty, we use the maximum simulated likelihood along with the GHK simulator (Geweke [8] ; Hajivassiliou [9] ; Keane [14] ), a standard approach for discrete choice models that involves computing highdimensional integrals. 
Data Description

Survey Data
This study used Japanese data derived from a survey, "Environmental Policy Tools and Firm-Level Management and Practices: An International Survey." The survey was designed by an international research team invited by OECD, in which two of the authors of this paper (Arimura and Hibiki) were involved. The survey aimed to collect information on environmental practices and performances from manufacturing facilities in selected OECD countries, including Japan. It asked questions on 1) management systems and tools in the facility, 2) environmental measures, innovation, and performance, 3) the influence of stakeholders and motivations on environmental practices, 4) public environmental policy, 5) facility characteristics, and 6) firm characteristics. The questionnaire design and results from the international survey can be found in Johnstone [13] .
For the Japanese data, the Japanese Ministry of the Environment (JME) conducted the survey in 2003 with the cooperation of OECD. To reduce reporting bias, it was conducted under the agreement that the respondents remain anonymous. Because JME intended the sample to represent the manufacturing sector in Japan, the questionnaire was sent to 4,757 facilities randomly chosen from all manufacturing facilities in Japan with 50 employees or more. Replies were received from 1,499 facilities, which corresponds to a response rate of 32 percent, a relatively high rate given the detailed nature of the questionnaire. The sample represents Japanese manufacturing sectors reasonably well, as shown in Table 1-1. The table compares the survey with a census of Japanese manufacturing in the distribution of two-digit sectors. Although two sectors, "food, beverages, tobacco, and feed" and "chemical and allied products," are slightly underrepresented in the survey, the distributions are reasonably similar. Table 1-2 compares the survey respondents and the census for facility size. The distribution in the survey appears to be skewed slightly toward larger facilities, as is typical with most surveys in Japan and the United States.
With missing observations removed for estimation, our final sample contains 792 facilities. The summary statistics of variables used for estimation are presented in Table 1 [11] for more detailed results of the Japanese survey. Given that a nonnegligible number of facilities were dropped from the final sample, our estimation potentially suffers from biases due to nonrandomness of missing observations. We will discuss this point in Section 6.2.
Measures for Environmental Performance
To construct facilities' performance measures (i.e., the dependent variables in the performance equations), we use the survey question, "Has your facility experienced a change in the environmental impacts per unit of output of production processes in the last three years with respect to the following (impact)?" Using alternatives provided in the question, we construct an ordered response variable: significant decrease (E ij = 1), decrease (E ij = 2), no change (E ij = 3), and increase (E ij = 4). Table 1 -5 summarizes the responses for the three environmental impacts we study-that is, natural resource use (i.e., fuel and water), solid waste generation, and wastewater effluent.
Although it would be ideal to use data on actual environmental impacts, this study uses self-reported data for two reasons. First, it is impossible to match survey responses with actual environmental impacts using another source of information. 9 The use of self-reported data is not uncommon in the literature. For instance, Dasgupta et al. [7] used data similar to ours for the analysis of compliance of environmental regulation at the facility level in Mexico. Second, the 9 Such data are not publicly available at the facility level in Japan.
information should be reasonably credible, as respondents were aware that JME could check the survey response against other facility-level data and thus had little incentive to make a false report. 10 To examine whether the survey data reflect actual environmental impact, we compared the trend of natural resource use in the survey with that of water use in the census. 11 We found that the trends in the two data sources were consistent with each other. 
Exogenous Variables
Using information in the survey, we construct a set of exogenous variables. In this subsection, we explain variables that are expected to affect both environmental performance and voluntary actions. These variables include basic facility/firm characteristics-namely, the number of employees in the facility (FACEMPL), age of the facility (FACAGE), the number of facilities in the firm (NFACS), and whether the firm to which the facility belongs is listed (FRMQUOT). To control for a facility's business performance, we use a dummy variable, SALEINC (SALEDEC), that takes one if the facility's sale increased (decreased). 13 Other determining factors are major environmental policy instruments. A dummy variable, PERSTD, is constructed to control for the applicability of performance standards, a typical form of regulation in Japan. The effect of input tax is controlled for by INPTAX, which takes one if input tax is applicable to the facility. When national environmental standards are perceived insufficient to control the pollution, local governments may ask that facilities make a voluntary environmental agreement, and most facilities do so under the local governments' strong bargaining power. 14 We use a dummy variable, VOLAGR, to control for the applicability of a voluntary agreement. 10 Unfortunately, these facility-level data are not available to the public. 11 Water use was chosen for two reasons. First, the Japanese survey used water specifically as an example of natural resource use. Second, only data on water come with the sector classification compatible with the survey. 12 From the survey, we constructed a proxy variable for water use per output in each sector as follows. For each sector, we counted the number of facilities that increased their natural resource use and subtracted from it the number of facilities that decreased or significantly decreased their natural resource use. This yields the net number of facilities that increased their natural resource use in each sector. Then we computed its share in each sector. This proxy variable is expected to capture the net increase in environmental impact for each sector. The correlation between the variable and the real changes from the census at the sector level is positive and statistically significant. 13 The survey asked whether facility sales 1) increased, 2) did not change, or 3) decreased, in the past three years. Note that the two dummy variables do not sum up to one because of the second alternative. 14 See Welch and Hibiki [21] for more on Japanese voluntary environmental agreement.
Other Exogenous Variables-Instruments
This subsection details a set of variables that are expected to directly affect voluntary actions but not environmental performance. These variables serve as instruments for the identification. Below, we describe influential factors for adopting ISO14001. The description broadly applies to report publication as well.
In the set of instruments, we include a dummy variable that takes one if the facility is encouraged to adopt an EMS through assistance programs (PRGEMP). Some local governments provide financial support for the adoption. If an EMS is adopted, governments often reduce the frequency of regulatory inspections. Hence, these initiatives are expected to have direct effects on the adoption of ISO14001. However, programs do not request improvement in impacts. It is therefore assumed that PRGEMP does not directly affect environmental performance.
Similarly, implementation of quality control does not directly affect environmental performance because it is not designed to improve environment management; however, it is likely to affect the adoption of ISO14001. This is because both quality control and ISO14001 involve similar PDCA cycles. Introducing a PDCA cycle incurs some adjustment cost, since employees need to be trained and familiarized with the system. With a similar cycle already in place under quality control, the adjust cost is lower and the facility finds it easier to adopt ISO14001. We thus include a dummy variable, OMPQMS, that takes one if the facility implemented quality control.
Primary customers may also influence the adoption of ISO14001. A facility has stronger incentive to obtain certification if its primary customers, such as other manufacturing firms, request that their parts suppliers adopt ISO14001. A facility is also likely to adopt ISO14001 to enhance its image as "green" if its customers are environmentally conscious. However, customers rarely ask facilities to reduce environmental impacts. By making "other manufacturing firms" as a reference case of primary customers, we construct three dummy variables; PRIMECUST1, PRIMECUST2, and PRIMECUST3 take one if the primary customers are wholesalers, households, and other facilities within the same firm, respectively.
There may be more incentive for a facility to adopt ISO14001 if it exports to the European Community (EU), the United States, or Canada, where ISO certification is preferred or expected more than in Japan and its neighboring countries. However, increasing/reducing environmental impacts is not directly driven by the market scope. Three dummy variables are constructed to capture the market scope. MRKTSCOP1, MRKTSCOP2, and MRKTSCOP3 take one if the scope of the facility's market is national, regional (neighboring countries), and global, respectively. The reference case is the local market.
Another instrument is stakeholders. Industrial associations sometimes encourage their members to adopt EMSs and may also help them implement it, for example. To capture the influence of stakeholders, we used the following question "How important do you consider the influence of the following groups or organizations on the environmental practices of your facility?" For each stakeholder, such as "commercial buyers" and "shareholders and investment funds," respondents chose from "Not Important," "Important," "Very Important," and "Not Applicable." We construct a dummy variable that takes one if the response is "Important" or "Very Important."
The set of instruments also includes indicator variables, MRKTCONC, that take one if the number of competitors is less than five, 15 FRMINTL if the facility is run by a foreign firm, and IMAGE if the facility considers the corporate image important. In the next section, we examine the validity of our instruments. Further, in some specifications, we only use a subset of all the instruments and include the rest in the performance equations. In this way, we attempt to examine the sensitivity of our results to the choice of instruments.
Estimation Results
Whether parameter estimates are consistent hinges on the validity of instruments used.
Relevant instruments must satisfy two conditions. First, the instruments must be truly excludable from the performance equations. To examine this, we conduct a Wald test for the overidentifying restrictions. The test statistics (chi-squared distributed with degree of freedom 63) is 49.4 with the p-value of 0.89; the restrictions cannot be rejected at any conventional level of significance.
The second requirement is that the instruments be correlated with the endogenous explanatory variables. As Table 4 indicates, this requirement is satisfied with our estimation; more than two instruments are significantly correlated with ISO14001 and environmental reports. For example, PRGEMP and OMPQMS are significant at the 1 percent level in the ISO equation (column 1). In the report equation, PRIMECUST2 and INFLIND are significant at the 5 percent level (column 3). Overall, there is no strong evidence against the soundness of our instruments. 15 The survey asked each facility for the number of competitors for its prime product. Table 2 presents estimated coefficients of the performance equations. We estimate two models that differ in their treatment of a dummy endogenous variable. The first specification is our preferred one, in which we include report publication as an endogenous regressor. In the second specification, publication is excluded from the three performance equations. The latter resembles models that have been estimated in the literature. Hereafter, we call the first specification "Specification 1" and the second "Specification 2." We first discuss the results of Specification 1.
Performance Equations
The lower half of Table 2 presents the correlation matrix of the latent errors ε i . All correlations are found to be positive and significant (column 2). The error terms in both the ISO and report equations are correlated with those in the performance equations. These results confirm the endogeneity of ISO adoption and report publication. Table 2 also shows that ISO14001 helps reduce all environmental impacts (columns 1, 3, and 5). The coefficients on report publication are found to be negative and significant at the 5 percent level in all performance equations, suggesting that publication is also effective for all three impacts.
When examining the effectiveness of ISO14001, past studies do not control for other environment actions, such as environmental reports that are not components of ISO (e.g., Potoski and Prakash [19] ; Russo [20] ; Ziegler and Rennings [25]). However, some facilities implement ISO in addition to report publication. If publication is not controlled for and if it is actually effective, the effect of ISO would be overestimated. To illustrate the size of the potential bias, we compare Specifications 1 and 2 in terms of marginal effects. The results are presented in Table 3 .
In Specification 1, as row 1 indicates, the adoption of ISO increases the probability of reducing natural resource use by 0.304 ( 214 . 0 09 . 0 + = ). In Specification 2, the corresponding marginal effect is 0.379 (row 2). We observe an even larger discrepancy for wastewater. In Specification 1, the adoption of ISO14001 increases the probability of reducing wastewater effluent by 0.177 (row 11), but it is 0.323 in Specification 2 (row 12). The magnitude of the bias appears to be sizable.
Our results also suggest varying effects of different environmental practices. The adoption of ISO increases the probability of reducing waste generation by 0.351 ( ), as indicated in row 6 of Table 3 . However, the corresponding marginal effect of reports is 0.207 (row 9). This suggests that the effect of ISO is larger than that of reports. In contrast, for wastewater, the effect of ISO is smaller than that of reports (see rows 11 and 14) ; the adoption of ISO increases the probability of reducing wastewater by 0.177 ( ) but the corresponding effect of reports is 0.464. To examine whether a more comprehensive EMS leads to better environmental performance, Anton et al. [2] and Dasgupta et al. [7] use the number of adopted practices as a proxy for the comprehensiveness of an EMS and regress it on the firm's emissions level or compliance with regulations. Their underlying assumption is that the effects of different environmental practices are identical. However, this assumption appears to be too simplistic according to our evidence, which shows one environmental practice is much more effective than another.
Performance standards and voluntary agreements do not influence any of the three areas of impact. This result is not surprising; supposedly, performance standards and voluntary agreements affect the levels of environmental impacts but not necessarily the growth because facilities have no incentive to overcomply with the standards or agreed targets. Likewise, an input tax has no impact in the three areas. The primary input taxes on fuel are consumption tax (5 percent), the petroleum tax (5 percent), and promotion of power resources development tax (3 percent). The low rates of the taxes might give facilities no incentive to reduce these burden.
We also estimate Specification 1 with the interaction terms of ISO14001 and policy instruments (Specification 3). Marginal effects of ISO and reports are presented in Table 3 . The effects are found to be similar to those in Specification 1. The coefficients on the interaction term of ISO and performance standards and that of ISO and input tax are not significant even at the 10 percent level in any performance equation. 16 These results suggest that performance standards and input tax are not detrimental to the effect of ISO14001. As for solid waste generation, the coefficient on the interaction term of ISO14001 and voluntary agreements is negative and significant at the 5 percent level.
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ISO14001 appears to be a complement to voluntary agreements with respect to solid waste generation.
Adoption Equations
As column 2 in Table 2 indicates, the disturbance terms in the ISO equation and in the report equation are positively correlated. This suggests that both voluntary actions are influenced by similar unobserved factors. Estimated coefficients of the adoption equations are presented in Table 4 with the marginal effects. With regard to the ISO equation, assistance programs by local 16 The results are available on request. 17 However, Specification 3 is not preferred to Specification 1. A likelihood ratio test cannot reject the null hypothesis of Specification 1 at the 10 percent level.
regulatory authorities appear to promote the adoption of ISO, as indicated by the positive and significant coefficient on PRGEMP. The probability of adopting ISO is increased by 0.135 when an assistance program is offered. This suggests an indirect effect of assistance programs on facilities' environmental performance and its validity as an environmental policy tool. A performance standard also increases the probability of ISO adoption, which suggests that facilities may perceive ISO as a way to comply with the regulation. This finding is consistent with the fact that more facilities adopted ISO in the late 1990s, possibly in response to an energy conservation law, a performance standard revised at the time on a quantity target for reducing the use of electricity or fossil fuel at facilities.
A facility is less likely to adopt ISO if its primary customers are wholesalers, households, or another facility within the firm. In other words, facilities are most likely to adopt ISO when their customers are other manufacturing firms. The coefficients on facility size, firm size, stock market, and quality control are positive and statistically significant. These findings are consistent with those in Hibiki et al. [12] , Nakamura et al. [17] , and Welch et al. [22] . We also confirm the influence of corporate headquarters, employees, and investors as stakeholders with the positive and significant coefficients.
In the report equation, the coefficients on FACEMPL, NFACS, and FRMQUOT are positive and significant. The interpretations on these variables are similar to those in the ISO equation. It is also found that INFLIND increases facilities' propensity to publish reports, which indicates that some industrial associations encouraged publication in an effective way. On the other hand, PRIMCUST2 appears to discourage report publication, suggesting that reports are aimed not at wholesalers but at other manufacturing facilities or consumers.
Robustness Check
To test the robustness of our results, we further estimate the models with different specifications and a different set of instruments. We estimate Specification 1 with a restricted set of instruments that include prime customers (PRIMCUST1, PRIMCUST2, and PRIMCUST3), quality control (OMPQMS), and assistance program (PRGEMP). Rows 1 and 3 in Table 6 present the marginal effects on natural resource use of ISO14001 and environmental reports, respectively. The estimated effects are comparable to those in the same model with a full set of instruments (rows 1 and 4 in Table 3 ), especially on "Significant Decrease" and "Decrease." Similar results are obtained for wastewater effluent. Because of the efficiency loss resulting from the smaller number of instruments, some of the marginal effects are not estimated as accurately as before. Consequently, we observe some discrepancies in the marginal effects on "No Change" and "Increase." Our main findings nevertheless do not change; ISO14001 and reports appear to reduce environmental impacts.
For each area of impacts, we also estimate a three-equation system: a single performance equation with the two adoption equations. Table 6 reports marginal effects of the voluntary actions. For instance, rows 10 and 12 in Table 6 present the marginal effects of ISO14001 and reports, respectively, in the system of three equations for wastewater effluent, ISO14001 adoption, and report publication. These results do not substantially differ from those in Specification 1 with a full set of instruments. A similar pattern is observed for solid waste generation. For natural resource use, the marginal effect of ISO14001 (row 2) are also similar to those in the five-equation system in Table 3 . Overall, our main findings appear to be reasonably robust to the choice of instruments and the model specifications.
Simulation and Discussion
Simulation
We found that assistance programs promote a facility's adoption of ISO14001, which in turn helps reduce all three environmental impacts. It would be of interest for policymakers to know to what extent an assistance program contributes to the reduction-that is, the marginal effect of an assistance program on a facility's performance. The size of the effect can be quantified by a simulation. In what follows, we describe the simulation procedure. We generate the latent disturbance ε i = (ε i1 , ε i2 , ε i3 , ε i4 , ε i5 )' from Σ, compute and using equations (2) and (3), and then set ISO i and ER i on the basis of equation (4). Given ISO i and ER i , we then calculate and using equation (1) and finally set E i1 , E i2 , and E i3 . We repeat this 1,000 times for the case where an assistance program is given to the facility (PRGEMP = 1) and the case where it is not (PRGEMP = 0). This simulation allows us to compute Pr(E ij |PRGEMP i = 1) and Pr(E ij |PRGEMP i = 0). Table 7 presents the simulation results. With an assistance program, the probability of reducing natural resource use rises by 4.2 percent (
). The corresponding probabilities for solid waste generation and wastewater effluent are 4.7 percent and 2.4 percent, respectively.
Discussion
It is worthwhile to consider why we found positive effects of ISO14001 with reference to particular circumstances in Japan. A potential reason is the success of PDCA cycles in Japanese manufacturing. In Japan, manufacturers have long experience with total quality management 
E
(TQM), which often entails PDCA cycles. As mentioned in Powell [18] , Japanese manufacturers are well known for superior quality control, suggesting that their PDCA cycles function effectively. Presumably, upon adoption of ISO14001, manufacturers easily develop effective PDCA cycles by applying the existing ones in TQM. ISO14001 accompanied by high-quality PDCA may have functioned well, thus reducing the impacts.
Some remarks should also be made on the consequences of missing observations. As mentioned earlier, the number of observations in the final sample was dropped from 1,499 to 792 because of missing data on variables. If the sample used for the estimation is a random subsample of the survey data, ignoring observations with missing values would not lead to biased estimates. The structure of "missingness" in our data is likely to be more complicated, however. It is plausible that facilities dropped from the estimation sample are less environmentally conscious and thus less likely to adopt ISO14001 than those remaining in the estimation sample. In such a case, the direction of the bias is generally uncertain. Nonetheless, under the somewhat strong yet not implausible assumption that those dropped from the sample are (1) facilities not registered under ISO14001 and (2) bottom-performing facilities, then the estimated coefficient on ISO14001 is biased upwardly; that is, ISO14001 is more effective than we have estimated.
To clarify this point, consider a simple model: E i = βISO i + ε i where E i is facility i's change in an environmental impact (E i < 0 representing a decrease), ISO i is an indicator for its adoption of ISO14001, and ε i is an idiosyncratic error. The sample consists of N facilities, among which N ISO facilities adopt ISO14001. To highlight the issue of nonresponse bias, let us assume that ISO i is independent of ε i . Then, a consistent estimate of β is the difference between the average outcome for the facilities with ISO i = 1 and that for the facilities with ISO i = 0:
If bottom-performing facilities without ISO14001 dropped from the estimation sample, the second term generally becomes smaller and thus an estimate of β becomes larger than it should be (i.e., underestimating the ISO effect).
Conclusion
This study has examined the effects of two voluntary environmental actions on natural resource use, solid waste generation, and wasteful water. We found that both ISO14001 adoption and report publication are effective in reducing all three impacts. We also found that ISO14001 is more effective than report publication for all impacts except wastewater. It should be stressed that both ISO14001 and reports reduce the environmental impacts over time. This is probably because the nature of these actions gives facilities incentives to make long-term efforts for better performance. In contrast, under a command-and-control approach, facilities are unlikely to make constant improvement unless regulations are modified and made stricter year after year.
ISO14001 has been promoted by governments via an assistance program, and we found that the promotion was effective. However, the effectiveness of the voluntary approach needs to be considered in relation to regulations. Under regulations, facilities may simply comply with the target level even if they could further improve with ISO14001. On this matter, we showed that regulations do not significantly weaken the effect of ISO14001. This finding confirms the relevance of concurrent use of traditional policy instruments and the voluntary approach.
From the viewpoint of social welfare, however, we should not hurry a conclusion that the promotion of ISO14001 is desirable. It is possible that the cost of ISO14001 is greater than the benefit of reduction in environmental impacts. Although this is an important question to consider, the nature of our data unfortunately made it impossible to scrutinize this issue. Detailed costbenefit analysis is essential before we conclude that ISO14001 is socially desirable. . In addition to the variables listed here, the regressions include industry dummies. Standard errors are in parentheses. ***, **, and * indicate the significance at the 1%, 5%, and 10% levels, respectively. Marginal effects presented here are the averages of the marginal effects for all observations. 
ISO14001
Restricted set of instruments Marginal effects presented here are the averages of the marginal effects for all observations. The "restricted set of instruments" includes PRIMCUST1, PRIMCUST2, PRIMCUST3, OMPQMS, and PRGEMP. "Three-equation system" indicates that estimates are obtained from one performance equation and the two adoption equations. Standard errors are in parentheses. ***, **, and * indicate the significance at the 1%, 5%, and 10% levels, respectively. 
